Background: The study of the distribution of brain cancer mortality in Spain shows a grouping of highest risk provinces corresponding to the autonomous regions of Navarre and the Basque Country. Aim: To explore the possible existence of geographical patterns in these areas. Methods: Municipal maps of brain cancer incidence were drawn up and the influence of land use related variables on the distribution of the disease duly analysed. Autoregressive conditional models were used to plot smoothed municipal maps. The influence of explanatory land use variables, ascertained by remote sensing, was assessed. Results: The maps revealed that certain towns situated in the "Media" and "Cantábrica-Baja Montaña" districts of Navarre were areas of highest risk. Among the towns in question, those in the "Media" district lie very close to the city of Pamplona. However, the pattern of brain cancer incidence in Navarre and the Basque Country could not be conclusively said to be determined by any specific type of land cover and/or crop. Conclusions: Results suggest a possible increase of risk linked to areas devoted to a high percentage of non-irrigated arable land.
T he study of the distribution of brain cancer mortality in Spain shows a grouping of highest risk provinces corresponding to the autonomous regions of Navarre and the Basque Country, with a statistically significant autocorrelation pattern which cannot be explained by random chance. 1 Navarre registers the highest mortality rates in Spain for both sexes, namely 8.45 and 4.69 per 100 000 population in men and women respectively, for the period 1978-92, with a male:female rates ratio of 1.8:1. Similarly, Navarre also registers the highest child and adolescent brain cancer mortality. 2 In geographical studies, the choice of a large sized administrative spatial unit (such as a province) tends to dilute the pattern, there being a tendency for differences in risk between smaller intraprovincial areas to be mutually offset. The study of smaller sized, and thus more homogeneous areas (for example, towns) can be useful as a technique for detecting underlying environmental problems. However, the choice of the town as the unit of analysis for the study of geographical patterns poses the problem of low numbers of cases. As a consequence, the use of classic indicators (adjusted rates, standard mortality ratios (SMR), rate ratios) may yield unstable results, and so the usefulness of smoothed estimators (empirical Bayes, full Bayes) in such a situation has been acknowledged. [3] [4] [5] The aetiology of most central nervous system tumours is unknown. Ionising radiations and certain hereditary syndromes 6 are clearly established risk factors. An exposure that has shown a more "consistent" relation with brain cancer is that deriving from farm work. [7] [8] [9] This may reflect the effect of different, as yet undiscovered risk factors, especially exposure to pesticides, such as N-nitroso compounds (nitrosoureas in particular), which can produce brain tumours in experimental animals, even at low doses. 7 Consequently, characterising the types of crop and their phytosanitary treatment may well be of great interest.
Remote sensing renders it possible to obtain information that can be used in environmental epidemiology. To date it has been employed by biologists in ecology, but in epidemiology its use has largely been limited to the control of communicable disease vectors. 10 This study uses satellite based information to classify crop types, on the assumption that many of the chemical agents employed in agriculture (phytosanitary products) are linked to a specific type of crop. This study aims to: (1) furnish a risk map depicting the mortality pattern at a municipal level; and (2) analyse the influence of land use related variables on the geographical pattern.
MATERIALS AND METHODS
The study covered all cases of brain cancer (ICD: 191) registered during the period 1986-93 in the Navarre and Basque Country regional population based cancer registries. Standardised incidence ratios (SIR) were calculated for each of the 512 towns, with the overall incidence for both autonomous regions by age group and sex taken as reference. Expected cases were computed using person-years calculated on the basis of the 1991 census of municipal populations by sex and five year age groups.
Municipal classification by crop type was based on data drawn from the CORINE (Coordination of Information on the Environment) Landcover project. The CORINE Landcover project produces high resolution maps using remote sensing techniques procesing the LANDSAT satellite imagery. These are vector maps compiled at a scale of 1:100 000 for the whole of Spain and divided into different pages. These pages show land use and, in the case of agricultural pages, include 21 different crop types; the information refers to 1987. The spatial resolution was acceptable for the proposed study since each pixel covers an area of 30 m × 30 m. The provinces targeted for study required a total of 20 pages. The necessary files were acquired from the National Geographic Institute. The information contained in the above mentioned pages was grouped into the following land use categories: 1, urban; 2, industrial; 3, road and rail networks, port areas; 4, mines and quarries; 5, 
Statistical analysis

Plotting of smoothed maps
We fitted Poisson spatial models, which included two random effects terms that took the following into account: (a) municipal contiguity (spatial term); and (b) municipal heterogeneity. These models come under the umbrella of the so called conditional autoregressive (CAR) models for disease mapping, initially proposed by Besag and colleagues 11 and subsequently applied in the field of epidemiology. 5 The models were fitted using Markov Chain Monte Carlo methods with noninformative priors. 12 A burn-in of 50 000 iterations was used to ensure convergence and 1000 iterations to obtain the posterior distribution of the estimator of relative risk for the 512 towns, using the WinBugs program. 13 The criterion of contiguity employed was adjacency of municipal boundaries. The deviance information criterion (DIC) was calculated as a parameter of goodness of fit. 14 
Explanatory variables
To ascertain the influence of land use variables on the geographical pattern, two types of models were fitted. Firstly, we fitted a classic Poisson model, with observed cases as the dependent variable, expected cases as offset, and quartiles of the proportion of municipal land devoted to each type of crop as the central variable of analysis. Then, in variables for which some type of association was found, we used Poisson spatial models of the kind described above (CAR), but including the explanatory variable as a fixed effects term. Variables were categorised in quartiles and included in the models as continuous. In the case of the "non-irrigated arable land" and "permanently irrigated land" variables, their logarithm was also used. In analysing the percentage of farmers, unemployed and illiterates, were used as centred variables by deducting their mean. These indicators were obtained from the 1991 census. We used Gelman and Rubin's convergence diagnostic criterion, with a simulation of two different chains. In the fitted models, convergence for explanatory variables was attained after iteration 7000. We used a burn-in of 10 000 iterations, and 6000 iterations to obtain the posterior distribution of the parameter of the explanatory variable. In addition, we estimated the effect of the explanatory variables, adjusted for socioeconomic indicators and the proportion of illiterates and unemployed.
RESULTS
There were 1481 cases of brain cancer, distributed among the 512 towns. The number of municipal "adjacencies" was 2846.
The overall age adjusted male and female incidence rates were 8.34 and 5.40 per 100 000 population, respectively. Figure 1 shows the SIR map (left), and the smoothed map (middle). In the former it is difficult to distinguish any type of pattern, owing to the predominance of extreme values. In the smoothed map, however, it is possible to discern a pattern in which the highest risk towns are confined to the "Cantábrica-Baja Montaña" and "Media" districts of Navarre, in contrast to the lower risk observed for the "La Ribera" area. The highest risk towns form a group situated to the south of the city of Pamplona, and centred on Cizur (RR 1.28) and its neighbouring villages (Galar, Adios, Muruzabal, Elorz, Monreal, Puente La Reina). The "Cantábrica district" cluster is centred around Lesaca and Vera del Bidasoa.
The Bayesian approach allows the posterior probability of any area's relative risks exceeding a threshold to be calculated. Taking this threshold to be unity, these posterior probabilities may be interpreted as the strength of (statistical) evidence of excess risk in each town. High probabilities can be interpreted as providing evidence of an excess risk, while low probabilities have the reverse interpretation. 15 Figure 1 (right) shows these posterior probabilities. The pattern is very similar to that shown in fig 1 (middle) , with only two towns with probabilities above 0.975 (Pamplona and Cizur). Table 1 shows the estimated RR by quartile, obtained by fitting the classic Poisson models. The variables that registered a statistically significant rise in relative risk with increase in surface area were "non-irrigated arable land" and "permanently irrigated land". The more urban towns also registered Figure 2 The grey images show the distribution of permanently irrigated (left) and non-irrigated and arable land (right) on the basis of information drawn from the CORINE pages. Navarre and Basque Country regions. Bayesian spatial models were used to test whether the association held between urban land, on the one hand, and non-irrigated and permanently irrigated arable land, on the other. Table 2 shows the results. The variables were categorised in quartiles and included in the models as continuous. We also analysed their logarithmic transform, and non-irrigated arable land and urban land as dichotomous variables. None of these attained statistical significance. The variables of unemployment, illiteracy, and percentage of farmers displayed no association with the distribution of brain cancer. Table 3 shows the criterion of goodness of fit (DIC). According to this criterion the model including the "non-irrigated arable land" covariate proved to be the best. The explanatory variables failed to make any substantial improvement to the fit of the model and the credibility interval included unity, which would lead one to conclude that these seem not to explain the municipal pattern of brain cancer incidence.
Explanatory variables
DISCUSSION
The smoothed maps shown here reveal that certain towns situated in the "Media" and "Cantábrica-Baja Montaña" districts of Navarre are areas of highest risk. Yet despite these results, the pattern of brain cancer incidence in Navarre and the Basque Country cannot be conclusively said to be determined by any specific type of land cover and/or crop. It was very surprising to find an association, on the first analysis, with the "non-irrigated arable land" covariate and not with "irrigated land". However, the assumption of a greater application of pesticides in irrigated areas in general could be misleading, since the quantity and type of pesticides used depends on the type of crop.
The data presented are incidence data, drawn from internationally standardised population based cancer registries subject to quality controls. It therefore seems most unlikely that the pattern exhibited would be affected by misclassification problems stemming from inclusion of metastases pertaining to other sites. The study period is 1986-93, and is unlikely that differences in diagnostic procedures or introduction of new technologies could explain a pattern.
The models employed belong to the family of generalised linear mixed models (GLMM). 16 They have become popular in the study of geographical patterns, their success being partly a result of the fact that they afford a solution to various problems besetting classic analyses: spatial autocorrelation and extra-Poisson variation, ecological regression analyses, and the wide random variability of indicators which necessitates the use of smoothed estimators for plotting maps. 5 Furthermore, their success is also a result of the availability and widespread use of the BUGS and WinBugs computer software programs. 13 In line with Morgenstern, the two analyses presented here come under the category of ecological studies with an exploratory and analytical multiple group design. 17 Despite their practical advantages, such studies pose many methodological problems, which can limit their ability to infer causality. With reference to the problem known as the "ecological fallacy", there are studies which show that consideration of spatial components in models reduces the disparity between the "ecological" risk and the individual. 5 18 19 Moreover the reduction of the spatial unit of analysis also attenuate this type of bias. There remains the problem of confounding variables, other than age and sociodemographic indicators, which are difficult to control for in this type of study.
From an epidemiological point of view, however, the inclusion of spatial terms entails controlling for potential confounding factors that are linked to geographical distribution and cannot be taken into account on the basis of the information available. 5 Where the pattern of variation of the covariate is similar to that of disease risk, location may act as a confounder. The mixed model contains a clustering term that stands for the effect of location, thus the regression coefficient for the main covariate is controlled for the effect of location. When the location acts as a confounder, it is not surprising to see a change on introduction of the clustering term.
5 This is one of the causes that explain the change in the statistical significance of the second analysis with the mixed models for the covariate "non-irrigated arable land". Estimates of regression coefficients in this model may be overly conservative.
To analyse the explanatory variables of the geographical pattern, we relied on information on land use drawn from the CORINE project. This project furnishes material originally obtained by means of remote sensing, and while it is information generated on the basis of images that date from the late 1980s, it may nonetheless be adequate for the purposes of this study, in view of the long latency periods observed for this particular type of tumour. However, such information does pose a number of problems, namely: (1) we believe that these types of crop have traditionally been fairly stable in these regions, yet changes may have been made in crop type and treatment over time; (2) we do not know whether the CORINE classification has been validated by a ground truth survey; and (3) the cost of the files is high in Spain, which reduces the efficiency of this type of study.
The only two clearly established risk factors for brain cancer are certain hereditary syndromes and ionising radiations, but these can only explain a small percentage of cases. 6 In the literature, associations have been described between brain cancer and occupational exposures in the following cases: the petrochemical 20 and rubber industries 21 ; electromagnetic fields 22 ; and among farmers. 7 8 Insofar as farmers are concerned, there is a strong suspicion that the excess risk may be caused by their exposure to phytosanitary products. However, this has been the subject of discussion, 9 owing to the fact that farmers routinely perform tasks linked to other occupations, in the course of which they are exposed to petrochemical substances, engine exhaust fumes, organic and mineral dust, and different biological agents. In an occupational mortality study conducted in Spain, farmers in the CastileLeon region registered an OR of 1.71 (95% CI 1.22 to 2.41), a finding that was repeated for proportional mortality nationwide for this same occupational group. 23 In the study of child and adolescent mortality in Spain, the provincial distribution pattern not only coincided with that registered for all age groups, but also proved to be correlated with the three socioeconomic factors studied-that is, non-cancer-related infant mortality, percentage of provincial land surface area devoted to agriculture, and industrial/construction activity. 2 Further risk factors studied were exposure to N-nitroso compounds in drinking water and diet, with inconsistent results. [24] [25] [26] [27] [28] [29] Recently, there has been a report of increased risk of this tumour in farmers, traceable to the use of pesticides in vineyards. 30 However, our results do not support this finding, since the La Ribera district in Navarre, an area rich in vineyards, has one of the lowest incidences of brain cancer.
In summary, smoothed maps reveal certain towns situated in the "Media" and "Cantábrica-Baja Montaña" districts of Navarre as being areas of highest risk. Among the towns in question, those in the "Media" district lie very close to the city of Pamplona. Notwithstanding these results, the pattern of brain cancer incidence in Navarre and the Basque Country cannot be conclusively said to be determined by any specific type of land cover and/or crop, even though our results suggest a possible increase of risk linked to areas devoted to a high percentage of non-irrigated arable land. Furthermore, this study explores new ways of making use of information drawn from population based cancer registries, which we feel ought to play an important role in discovering the environmental risk factors responsible for the distribution of cancer in the population.
